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PURPOSE To improve a visual 
characteristic and to form bright 
display images free from a rough 



feel by providing the liquid crystal 
display device with a liquid crystal 
layer having perpendicularly 
oriented liquid crystal molecules 
between pixel electrodes and 
counter electrodes and providing 
the counter electrodes with 
apertures. 

CONSTITUTION: This liquid 
crystal display device is provided 
with the liquid crystal layer 13 
having the perpendicularly 
oriented liquid crystal molecules 
between the pixel electrodes 1 1 
and the counter electrodes 13. 
The counter electrodes 13 are 
provided with the apertures 1 4. 
Since the counter electrodes 13 
do not exist in the regions where 
the apertures 1 4 are formed, the 
electric fields existing between 
the pixel electrodes 1 1 and the 
counter electrodes 13 are very 
weak in the regions where the * 
apertures 14 are formed. The 




liquid crystal molecules in the 
liquid crystal layer 12 existing in 
the regions where the apertures 
14 hardly receive the influence of 
the electric fields existing 
between the pixel electrodes 1 1 
and the counter electrodes 13. 
The liquid crystal molecules in the 
regions, therefore, maintain the 
initial perpendicular orientation 
state and are stably and fully 
erect in the perpendicular 
direction. The orientability of the 
liquid crystal molecules existing 
on the peripheries of the regions 
where the apertures 14 are 
formed is consequently stabilized 



as well by the interaction wi 
liquid crystal molecules existing in 
the regions where the apertures 
1 4 are formed. 
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Partial English Translation of 
LAID OPEN unexamined Japanese Patent Application 
Publication No. 6-301036 

[0019] 

[Embodiment] Hereinafter a liquid crystal display device 
according to the embodiment of the present invention is 
described, with reference to Figures 2-9. 

(1) First Embodiment 

Hereinafter described is the main part of the liquid crystal 
display device according to the first embodiment of the present 
invention- Figure 2 is a top view for explaining layout of 
electrodes of the liquid crystal display device according to the 
first embodiment of the present invention, and Figure 3 is a 
section taken on line X-X of Figure 2. 

[0020] As shown in Figure 3, in the layout of the electrodes of 
the liquid crystal display device according to the first 
embodiment of the present invention, a picture element electrode 
(22a) made of an ITO film of 300 JUL m long and 200 /im wide is 
formed on a TFT substrate (22), gate bus lines (22b, 22c) of 
about 10 xzm.wide are respectively formed on the sides thereof, a 
first vertical alignment film (23) having vertically-aligned 
molecules, a liquid crystal layer having vertically-aligned 
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liquid crystal molecules (24A) and a second vertical alignment 
film (25) are sequentially formed thereon, and a counter 
electrode (26) made of an ITO film is formed thereover. Wherein, 
a square opening part (26A) of 10 ^m is provided at the counter 
electrode (26) so as to correspond to a central region of a 
region where the picture element electrode (22a) is formed. 

[0021] Further, a drain bus line (not shown) is formed around 
the picture element electrode (22a) so as to cross the gate bus 
lines (22b, 22c) at a right angle, and a TFT (not shown) is 
provided for applying a driving voltage to the picture element 
electrode (22a). When the liquid crystal display device is 
operated and the voltage is applied to the picture element 
electrode (22a), an electric field is generated between the 
picture element electrode (22a) and the counter electrode (26). 
As an influence thereof, the liquid crystal molecules in the 
liquid crystal layer in the region where the picture element 
electrode (22a) is formed incline. 

[0022] With no the counter electrode (26) at the opening part 
(26A), the electric field within the region is weak and the 
liquid crystal molecules existing in a region where the opening 
part (26A) is formed hardly receive the influence of the 
electric field. Accordingly, the liquid crystal molecules in the 
region maintain the initial vertical alignment, which means that 
the molecules stand vertically and are stable. Since the liquid 



2 



crystal molecules (24A) existing in the region where the opening 
part (26A) is formed stand stably and vertically, the liquid 
crystal molecules (24A) at the vicinity of the region where the 
opening part (26A) is formed are oriented stably by an 
interaction with the liquid crystal molecules (24A) in the 
region where the opening part (26A) is formed. Consequently , the 
liquid crystal molecules of a picture element are oriented 
toward the central part of the picture element, as shown in 
Figure 5* 

[0023] Accordingly, when the opening part (26A) is provided at 
the same point in each region where the picture element is 
formed, the liquid crystal molecules (24A) are uniformly 
oriented in each picture element. Thus, a disclination line 
which indicates a boundary of the orientation direction of the 
liquid crystal molecules (24A) appears uniformly for each 
picture element, as shown in Figure 4, even if there is a 
dispersion in the orientation direction of the liquid crystal 
molecules to some extent per picture element. Hence, unevenness 
of the image can be prevented. 

[0024] In consequence, a viewing angle characteristic can be 
improved and a clear display image with no unevenness is 
obtainable. . Further, it is effective on the viewing angle 
characteristic. Figure 5 is a graph representation showing a 
viewing angle characteristic of the liquid crystal display 
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device in NB (Normally Black) mode according to the present 
embodiment, wherein an axis of abscissa indicates a voltage to 
be applied through the liquid crystal layer and an axis of 
ordinates indicates a transmittance (brightness) of a light 
which passes through the liquid crystal layer. 

[0025] In the liquid crystal display device according to the 
present embodiment, compared with a viewing angle characteristic 
curve when viewing the screen from the front ("front" in Figure 
5) are a viewing angle characteristic curve when viewing the 
screen from the side in a direction at 45° ("SIDE 45° " in 
Figure 5), a viewing angle characteristic curve when viewing the 
screen from the upper side in a direction at 45° ("UP 45° " in 
Figure 5) and a viewing angle characteristic curve when viewing 
the screen from the lower side in a direction at 45° ("DOWN 
45° " in Figure 5). These characteristic curves, "SIDE 45° ", "UP 
45° ", "DOWN 45° " have substantially the same form. This means 
that the characteristics of the image display are not so 
different and almost uniform,. . irrespective of the viewing angle 
directions- Accordingly, the characteristic of the display image 
is not severely changed owing to the direction from which the 
screen is seen, unlike the liquid crystal display for TN mode. 
Thus, the viewing angle characteristic is improved. 
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